INTRODUCTION {#sec1-1}
============

Disease, decay and death have always coexisted with life, the study of disease and their treatment must also have been contemporaneous with the dawn of human intellect. The primitive man must have used plants as therapeutically active agents for curing various diseases. There is no authentic record of medicines used by the primitive man but the Rig Veda which is the oldest book in the library supplies curious information on this subject.\[[@ref1]\] Nature has provided a complete remedy to cure all ailments of mankind. The history of herbal medicines is as old as human civilization.\[[@ref2]\] Herbal medicines have often retained popularity for historical and cultural ingredients and are used primarily for treating mild and chronic ailments. They are considered to be medicinal if they possess pharmacological activities of possible therapeutic use. India has an ancient heritage of traditional medicines; Materia Medica of India provides lots of information on the folklore practices and traditional aspects of therapeutically important natural products. An Indian traditional medicine is based on various system including Ayurveda, Siddha and Unani. Natural products and especially those derived from higher plants have historically played a pivotal role in the discovery of new pharmaceuticals.\[[@ref3]\] Modern allopathic system has developed many sophisticated and costly diagnostic methodologies which at the times have made it quite exorbitant and beyond the reach of common man. Many modern synthetic drugs may harm more than they help in curing diseases by its serious effects. On contrary, traditional medicines which make use of plants are much more esteemed being more safe without harmful effects and comparatively less expensive than many allopathic medicines.\[[@ref4]\] Undoubtedly, the plant kingdom still holds many species of plants containing substances of medicinal value which have yet to be discovered.\[[@ref5]\]

BOTANICAL DESCRIPTION {#sec1-2}
=====================

Large terrestrial climbing ferns are common everywhere on low lands in fairly open places. The dwarfed branches are up to 3-mm long.\[[@ref6]\] It is slightly pubsent, substerete, flattened on one side, narrowly winged or tetragonous.\[[@ref7]\] Rhizomes are short, creeping, underground, dichotomously branched, young regions clothed by stiff brown hairs and producing a single row of climbing leaves.\[[@ref6]\] Rhizomatous perennial fern, with climbing rachis has up to 2.5-mm thickness. Primary rachis branches are not elongated. Secondary rachis branches are bearing alternate pinnately arranged leaflets, usually 3 or 4 (occasionally 5 or 6) on each side and a simple or forked terminal leaflet, the whole being 15-30 cm long. Basal leaflets often with large basal lobes, sometimes with two or three separate leaflets at the base. Largest leaflets 4-12 × 1-2.5 cm on hairy winged stalks 3-8-mm long, broadly rounded to cordate at the base and more or less distinctly jointed to the end of the stalk, narrowed gradually to the apex, edges of sterile leaflets finely toothed, texture thin but firm.\[[@ref8]--[@ref11]\] Rachis and petiole 0.1 inch or rarely more thick and several feet long, the rachis bearing short primary branches ending in a tuft of hairs, each primary branch bearing a pair of secondary branches which in their turn bear 3-4 alternately arranged pinnules and a simple or forked terminal pinnule. Pinnules 1-4-inch long and 0.25-1.0-inch broad, distinctly stalked, with the stalk articulated to the lamina, the base of the lamina rounded and gradually tapering to apex and with dichotomising free veins. The basal pinnules are with large basal lobes or even palmate. Fertile pinnules narrower than sterile ones and fringed by short narrow lobes about 0.32-inch long. Each lobe bears two lateral rows of sporangia attached individually to a short vein and covered by a marginal scale like indusium.\[[@ref6]\] It is parallelogram and exine bearing compact leasurae (plate).\[[@ref12]\] *Lygodium fexuosum* is extremely variable in the size and lobing of the sterile and sporogenous pinnules as well as the length of the sporogenous lobes. Occasionally the lower parts of the secondary pinnae are bipinnate.\[[@ref13]\] Each lobe of the sporophore is interpreted as a reduced pinnule and contains a single sporangium enclosed by a flange \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].\[[@ref14]\]

![Leaf of *Lygodium flexuosum*](PRev-6-107-g001){#F1}

![Single leaf of *Lygodium flexuosum*](PRev-6-107-g002){#F2}

Shoot morphology {#sec2-1}
----------------

The leaves of climbing fern Lygodium are born on dorsal surface of a subterranean rhizome and twining growth to form the aerial portion of the shoot. These leaves have a number of structural and functional analogies to the entire shoot of some twini. The determinate primary leaves and the inderterminate climbing leaves initiate from a single cell on the flank of the apical meristem and are strictly foliar in the nature, structurally homologues with each other and with leaves of the fern. Shoot of Lygodium is an example of the phenomenon of leaf elaboration common to many ferns. The complex nature of the leaves and simple morphology of the stem indicate specialization of function within the shoot rather than retention of primitive, poorly differentiated organographies.\[[@ref15]\]

The root apex organization in *L. flexuosum* {#sec2-2}
--------------------------------------------

It was fixed in formalin-acetic-alcohol and acetic-alcohol washed with water and preserved in 70% alcohol for study. Customary method of dehydration and embedding were followed. The initiation and further development of the root primordium has been studied in *L. flexuosum*. A cell in the growing region of the rhizome apex enlarges showing pyramidal appearance and produces cells laterally on all its faces. It appears that the surrounding cells in the expanding regions of the rhizome apex arrange themselves around the pyramidal cell and its derivatives and divide to form the developing root, primordium is almost next to the rhizome apex. A central pyramidal cell with four well-defined faces and number of surrounding cells usually in two tiers are seen. The procambial tissue differentiates between this group and the differentiating vascular tissue of the rhizome. A mature root apex is some what obtuse and is protected by a conical cap. Endodermis is double layered. A conspicuous tetrahedral cell is observed at the central region of the apex. In lygodium, the apical cells divide during early development of the root but no divisions were seen subsequently.\[[@ref16]\] In Lygodium spores, a proximal cell formed by an initial division of the spore cut off a protonemal cell, a rhizoid and a wedge shaped cell by walls parallel to the polar axis.\[[@ref17]\]

Effect of Gibberellic acid on the ultrastructural morphology of the cells of *L. flexuosum* {#sec2-3}
-------------------------------------------------------------------------------------------

The effect of Gibberellic acid (GA) on the ultrastructure of chloroplast and the content of chlorophyll was seen in the cells of dwarf maize. Spores of *Lygodium flexuosum* were sown in two separate petridishes, each having approximately 500 spores in 1% knop\'s solution. After 5-6 days when germination takes place 2 mg/ml of GA solution was added to one of the petridishes and allowed to grow for 6 days then the cells of GA treated gametophyte were undertaken and it has been observed that the gametophyte, endoplasmic reticulum increases and the cytoplasm gets densely filled up with it. Ribosomes, golgi bodies, mitochondria and chloroplast also increases in size.\[[@ref18]\]

SCIENTIFIC CLASSIFICATION {#sec1-3}
=========================

Scientific classification\[[@ref19]\] of *L. flexuosum* is presented in [Table 1](#T1){ref-type="table"}.

###### 

Scientific classification

![](PRev-6-107-g003)

DISTRIBUTIONAL RANGE {#sec1-4}
====================

Asia temperate: China, Guangdon, Guangxi, Guizhou, Hainan, Yunnan.

Asia tropical: Indian subcontinent (India, Srilanka), Indo-China (Indonesia, Thailand), Malaysia (Indonesia, Malaysia, Papua New Guinea, Phillippines).

Australia: Northern territory, Queensland, Western Australia \[[Figure 3](#F3){ref-type="fig"}\].\[[@ref9]\]

![Distribution of *lygodium flexuosum* in the world](PRev-6-107-g004){#F3}

In India it is found in Dehradun, Kumaon, Shahjanpur, Gorakhpur, throughout the plains in Bengal up to 5000 feet, both the sides of Madras state up to 4000 feet and Kerela.\[[@ref20]\] It is also found at low altitudes (below 1000 m) especially common in bhabar forest. In the forest around Dehradun *Dryopteris cochleata* with dimorphicfronds is concipious near Rishikesh and Dehradun. *L. flexuosum* is growing very well in the forest of Gumaniwala and Clemantown on the forest floor and Neelkhanth road near Barrage Rishikesh. In Madhya Pradesh it is found in Annupur, Bastar, Betul, Bilaspur, Chhindwara, Damoh, Gwalior, Hoshangabad, Indore, Khandwa, Mandla, Raigarh, Raipur, Sidhi, Shivpuri and Panna.\[[@ref21][@ref22][@ref23]\]

ECOLOGY {#sec1-5}
=======

*L. flexuosum* is the sole genus in the family Lygodiaceae, though it is included in the family Schizaceae by some botanist.\[[@ref23]\] It occurs on mangrove and had tree-dominated habitat subdivision is petridophyte and had life form of cryptophytes category.\[[@ref24][@ref25]\] It is commonly epiphytically grows on moss-covered tree trunks, branches a lithophytes on shady boulders along with moss and in Thailand its habitat is in abundance.\[[@ref26]\]

ETHNOPHARMACOLOGY {#sec1-6}
=================

From the past decades this plant is used as an expectorant. Fresh roots are boiled with mustard oil and used in external applications for rheumatism, sprains, scabies, eczema and cut wounds, they are reported to be particularly useful for carbuncles. Stems may be used for tying rice sheaves.\[[@ref20][@ref27]\] *L. flexuosum* is an important medicinal plant as some of the scholars of Indian System of Medicine reported that the plant may be 'Rudra Jata', an intermediate drug in classical text of Ayurveda and its medicinal properties have been reported from all the parts of the plant. The rhizome and root is ethnomedicinally useful in the treatment of jaundice. The leaf paste is applied all over the body for 7 days to cure jaundice by Kadar tribes of South Western Ghats of India. The root is used in jaundice and stomach pain by Rabha, Oraon and Mech tribes in Jalpaiguri district of West Bengal, India. *L. flexuosum* extract had antiproliferative and apoptotic activity in both cancer cells. *L. flexuosum n*-hexane extracts which is responsible for the possible hepatoprotective action.\[[@ref28]--[@ref30]\] This fern reported to exhibit antiferility activity.\[[@ref31][@ref32]\] In China it is used as an expectorant. Bidi made of root is smoked. Fresh root is boiled with mustard oil are used for massage, powder of whole plant is taken.\[[@ref33][@ref34]\] Extract of the rhizome of *L. flexuosum* in India is used to cure gonorrhea. The ash of plant is used for treating herpes this plant is used to feed domestic animals to treat foot and mouth diseases. During the time of scarcity, Chitwan people use their knowledge of wild plants to obtain vegetable for sustenance they collect tender plant and its parts from the common land. This fern is used as fodder and forage resources of common land in Western Chitwan.\[[@ref35][@ref36]\] Regarding the conservation aspects Lodhas of West Bengal believe bhut raj (*L. flexuosum*) to be adobe of gods.\[[@ref37]\] There are 60 to 79 plant species growing in the plantation and out of these 70% are palatable and can be used as forages for the rearing of cattle. Palatable species are those that can be termed as grazable by the cattle and *L. flexuosum* is the fern which is palatable.\[[@ref38]--[@ref40]\] it is used in the manufacturing of basket, hats, bags and other fancy articles.\[[@ref41]\] It is also used to reduce inflammation and acts as panacea for wounds, treat ulcer, various respiratory diseases, general disorders, muscles sprains and it also had the potential to act as the pain killer. It also causes U- to-C-RNA editing and sometimes exceeds the conventional RNA editing.\[[@ref42]--[@ref44]\]

PHYTOCHEMICAL STUDIES {#sec1-7}
=====================

Identification of antheridiogens in *L. flexuosum* {#sec2-4}
--------------------------------------------------

Antheridiogens were found in two species of Lygodiaceae family that is *L. flexuosum* and *Lygodium circinnatum* fern these were analyzed by gas chromatography-mass spectrometry (GC-MS). In *L. flexuosum*, GA73-Me was also identified as a major antheridiogen with X2 being detected as a minor one. The total antheridium formation activity in the culture medium of 7-week old prothallia of *L. flexuosum* was more than 1000 times higher than that of *Lygodium japonicum*. On the other hand the response of gametophytes of the former two Lygodium ferns to GA73-Me was more than 100 times lower than that of *L. japonicum*.\[[@ref45]\]

Biosynthesis of GA73 methyl ester in Lygodium ferns {#sec2-5}
---------------------------------------------------

It is a principal antheridiogens in Lygodium ferns was investegated from the methanol extract of prothallia of Lygodium ferns GA25, GA73, GA73-Me, GA88-Me and a few unknown GA73 derivatives were detected by GC-MS. Because the presence of GA25 suggests that GA24, a direct precursor of GA25 may also be present in Lygodium ferns and the feeding experiments were used to investigate the possibility that GA24 is a precursor of GA73-Me. In *L. flexuosum* ferns \[2H2\] GA24 was converted into \[2H2\] GA73-Me and a trace amount of \[2H2\] GA9-Me, whereas \[2H3\] GA9 was converted into \[2H3\] GA9-Me and \[2H3\] monohydroxy derivatives and had been identified by GC-MS from the culture medium of Lygodium ferns and the results suggest that GA73-Me is biosynthesized from GA24 via GA73 their neither GA9 or GA9-Me, though the possibilities also suggest that GA73-Me is biosynthesized from 9,15- cyclo-GA9(GA103), \[2H2\]GA103 was not converted into \[2H2\] GA73-Me.\[[@ref46][@ref47]\]

*L. flexuosum* is a rich source alkaloidal constituent it also constitute of flavanoids, saponins and cumarins. A new triterpene ester, an anthraquinone has been found in this plant. Lygodinolide was isolated from the methanolic extract of *L. flexuosum*. It has been found to contain a new compound characterized as O-P-coumaryl dryocrassol, besides drycrassol itself, tectoquinone, kaempferol, kaempferol-3-β-D-glucoside, β-sitosterol and stigmasterol \[[Figure 4](#F4){ref-type="fig"}\]. In Lygodiaceae ferns, antheridiogens were reported to be GA-related compounds. Antheridic acid is a major antheridiogen in four Anemia ferns. The new heterocyclic spiro-terpenoid niveulone which is found to be similar to the compound lygodinolide and niveulone was isolated from the cultural fluid of the ascomycete *Dasyscyphus niveus* and its chemical structure and relative configuration were determined by spectroscopic techniques.\[[@ref48]--[@ref51]\]

![Structures of the chemical compounds found in *Lygodium flexuosum*](PRev-6-107-g005){#F4}

PHARMACOLOGICAL PROPERTIES {#sec1-8}
==========================

Hepatoprotective effects {#sec2-6}
------------------------

Rat buated with extract of *Lygodium flexuosum* after establishment of carbon tetrachloride induces liver injury showed significantly protection of the liver as evidence by AST, ALT, LDH and MDA Levels. Phytochemical study yielded saponins, triterpenes, sterol and bitter principles which could explain the possible hepatoprotective actions. Hepatic glutathione levels were significantly increased by the treatment with the extract in both the experimental groups. Histopathological changes induced by CCl~4~ were also significantly reduced by the extract treatment in preventive and curative groups. Treatment with the n-hexane extract reduced the mRNA levels of proinflammatory cytokinens, growth factor and other signaling molecules which are involved in hepatic fibrosis. The expression levels of tumor necrosis factor, interleukin, transforming growth factor, procollagen-I, procollagen-III and the tissue inhibitor of metalloproteinase-I were elevated during CCl~4~ administration and reduced the levels to normal by the treatment with extract treatment. D-galactosamine-induced liver injury showed complete protection of liver as evidenced from normal AST, ALT and LDH levels, hepatic GSH and MDA levels and also by normal histological index of liver in treated rats.\[[@ref24]\] Rats pretreated with *L. flexuosum* prevent the elevation of serum AST, ALT, LDH and liver lipid peroxides in ccl~4~ treated rats which show it is responsible for hepatoprotective action.\[[@ref28][@ref30]\]

Antiploriferative apoptotic effect {#sec2-7}
----------------------------------

*L. flexuosum* extract has antiproliferative and apopotic activity in cancer cells and has inhibitory role in TNF-α induces NF-α B activation in PLC/PRF/5 cells confirming it potential as a chemopreventive agents. *L. flexuosum* extract inhibited the cell viability and induced apoptosis in hepatoma cells in a concentration-dependent manner as evidenced by apoptotic changes such as flipping of phosphatidly serine, cleavage of PARP. Cell cycle analysis showed the sub-G1 apoptotic population in cells treated with higher concentration of the extract. When activated with exogenous TNF-α in transfected hepatoma cells it was observed that NF-κB-dependent gene expression was inhibited by treatment with *L. flexuosum* extract in PCL/PRF/5 cells dose-dependently.\[[@ref29]\]

Antifertility activity {#sec2-8}
----------------------

The alcoholic extract of the *L. flexuosum* (Linn.) Sw. used by a tribal population in Maharashtra showed antifertility activity in rats, mice and rabbits.\[[@ref31][@ref32]\]

Antibacterial activity of *L. flexuosum* {#sec2-9}
----------------------------------------

The study was conducted to evaluate the antibacterial potential of different parts of *L. flexuosum*. Antibacterial activity evaluated by disc diffusion method toward MTCC strains. It was observed that the rhizome of the plant possessed maximum antibacterial activity compared to petiole and leaf. Rhizome extract were found to be more effective against Gram-positive bacteria like *M. luteus* and *S. aureus* compared to Gram negative. Rhizome extract possessed antibacterial principles soluble in methanol and acetone that could regulate growth and multiplication of tested bacteria species.\[[@ref52][@ref53]\]

Antiogenic effect of *L. flexuosum* against N-nitrosodiethylamine-induced hepatotoxicty in rats {#sec2-10}
-----------------------------------------------------------------------------------------------

Antiogenic effect of *L. flexuosum* was evaluated in wistar rats intoxicated with N-nitrosodiethylamine (NDEA) in preventive and curative models. In preventive groups, NDEA was administered for 20 weeks. Rats intoxicated with NDEA had elevated the levels of serum gamma-GT, AST, ALT, LDH and hepatic MDA and decreased the level hepatic GSH. *L. flexuosum* extract treatment significantly reduced the levels of Ang-1 and Ang-2 and Tie-2 mRNA in rat liver is evidenced by RT-PCR. *L. flexuosum* extract at a dose of 200 mg/kg effectively reversed the hepatotoxicity induced by N-nitrosodiethlyamine in both preventive and curative model.\[[@ref54]\]

TAXONS AND CHROMOSOME NUMBER {#sec1-9}
============================

Taxons and chromosome\[[@ref55]\] numbers are presented in [Table 2](#T2){ref-type="table"}.

###### 

Taxons and chromosomes number
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FEDERAL REGULATION {#sec1-10}
==================

Lygodium genus is considered as weeds: *L. circinnatum, L. flexuosum, L. japonicum, L. microphyllum* and *L. polymorphum*. So the federal regulation had amended the noxious weed regulation by adding *L. flexuosum* to the list of terrestrial noxious weeds this is necessary to prevent the artificial spreading of this weed into the United States. Fertile Lygodium leaves contain reproductive structures filled with spores that can become wind borne and spread the fern into uninfested areas. Florida currently has a lygodium management plan, which was released in 2006, and an active control program in place. The states of Alabama, North Carolina, South Carolina and Vermont, incorporate the federal noxious weed list by reference into their State noxious weed lists and included *L. flexuosum* as state noxious weeds. *L. flexuosum* is a vine-like fern that spreads by rhizomes and by climbing over other lowland vegetation. *L. flexuosum* are noxious weeds that posed a serious threat to U.S. agriculture and the environment. Accordingly, APHIS issued a Federal Import Quarantine Order on May 30 (2008), that immediately restricted the importation from all countries of any part of *L. flexuosum* capable of propagation, including nursery stock, spores and leaves (fronds), unless authorized by a PPQ permit for specified research in containment. This interim rule is intended to codify provisions of the existing federal order that prevent the introduction into or spread of *L. flexuosum* within the United States. *L. flexuosum* is a weed of rice, plantation crops and natural lowland vegetation in eastern Asia and it is not known to occur in the United States. This robust species spreads by rhizomes and by climbing over other vegetation. Like, it has the potential to cause serious environmental and economic damage in the southernmost areas of the United States.\[[@ref56]\] Plant protection and quarantine is issuing a federal import quarantine orders restricting the importation of *L. flexuosum*. The restriction applies to any parts capable of propagation, including spores and leaves (fronds) of these climbing ferns. The purpose and goal of their federal regulation is to prevent the entry from all foreign countries into the united states of two harmful noxious weeds *L. fexuosum* and *L. microphllum*. This federal order is issued pursuant to section 412(a) of the plant protection act of June 20 (2000), as amended 7 U.S.C 7712(a), which authorizes the secretary of agriculture to prohibit or restrict the importation or entry of any plant, plant part, noxious weed or articles if the secretary determines that the prohibition or restriction is necessary to prevent the entry of a plant pest or noxious weed into united states.\[[@ref57]--[@ref61]\] In the United States *L. flexuosum* comes under the category of 15 highest ranking species showing the greatest invasive potential.\[[@ref62]\]

Newly described moth attacks invasive ferns {#sec2-11}
-------------------------------------------

The search of natural enemies of an invasive weed that threatens Florida\'s wetlands has led to a stem boring moth that attacks ferns the moth, *Siamusotima aranea* and was found in Thailand in stems of a native fern *L. flexuosum* by USDA-ARS scientist. It was discovered in the stems of *L. lexuosum* during the exploration for biological control agents. In South Africa lygodium ferns were known as an ancient group of ferns. The paucity of natural enemies associated with lygodium. Larva and pupa on the stem-boring pyralid have been collected from *L. flexuosum* in Thailand. Adults of the Thai moth have white eggs with dark lines resembling the legs of a spider, which it may mimic. Taxonomic studies of the moth, tentatively called Ambia new species. *Neostrombaceous albicomus* is the herbivores collected on Lygodium species in Malaysia, Thailand, Singapore and Vietnam.\[[@ref63]--[@ref65]\]

Types of colonization by *Arbuscular mycorrhizal* fungi {#sec2-12}
-------------------------------------------------------

Types of colonization\[[@ref66][@ref67]\] is presented in [Table 3](#T3){ref-type="table"}.

###### 

Types of colonization by *Arbuscular mycorrhizal* fungi
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CONCLUSIONS {#sec1-11}
===========

In the present review we have made an attempt to congregate the botanical, pharmacological, ethno- pharmacological, pharmacological and toxicological information on *L. flexuosum*, a medicinal herb used in the Indian system of medicine. Survey of literature revealed the presence of lygodinolide, alkaloids, cumarins, flavonoids and saponins in this plant. Research on lygodinolde has gained a special attention in recent times as several of them have shown promising activities like antifertility, wound healing, eczema and hepatoprotective, but most of the compounds are too toxic to be clinically used when taken in large amount. This plant is also used in bidi and the bidi made of root is smoked. Fresh roots are boiled with mustard oils and used for massage. In lygodiaceae ferns, antheridiogens were reported to be GA-related compounds. Antheridic acid is a major antheridiogen in four Anemia ferns. It is used to cure ulcer, eczema, cut and wound. It is also used in treating ailments like dysmennorrhea, jaundice, sprains and rheumatism. Now days, this had proven to be one of the most useful drug in the treatment of wounds. It consist of chemical constitutes like tectoquinone, kaempferol, kaempferol-3-β-D-glucoside, β-sitosterol and stigmasterol. It has been found to contain a new compound characterized as O-P-coumaryl dryocrassol, besides drycrassol itself. *L. flexuosum* is an important medicinal plant as some of the scholars of Indian System of Medicine reported that the plant may be 'Rudra Jata', an intermediate drug in classical text of Ayurveda and its medicinal properties have been reported from all the parts of the plant. *L. flexuosum* extract had antiproliferative and apoptotic activity in both cancer cells. *L. flexuosum* n-hexane extracts which is responsible for the possible hepatoprotective action. This review will definitely help for the researchers as well as practitioners, dealing with this plant.
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